OBJECTIVE: To compare Canadians of Aboriginal (First Nation, FN) and European ancestry (EA), with respect to obesity, subcutaneous fatness and relative subcutaneous fat distribution. DESIGN: Cross-sectional comparison. SUBJECTS: 118 First Nation and 472 European ancestry Canadians from Northern Ontario, youth (5 ± 19 y) and adults (20 ± 75 y). MEASUREMENTS: Stature, mass and skinfold thicknesses at the triceps, biceps, medial calf, subscapular, suprailiac and abdominal sites. ANALYSIS: Prevalence of obesity was determined using the 85 th percentile of body mass index (BMI) from NHANES II as the cut-off. Principal components (PC) analyses were performed on the six skinfolds. The ®rst component (PC1) represented a trunk-extremity skinfold contrast. Differences in mean component scores between FN and EA were assessed using independent samples t-tests. RESULTS: Prevalence of obesity among FN was high, ranging from 29% in youth to 60% in adult females. FN demonstrated greater subcutaneous adiposity and greater values for PC1, with the exception of adult males, where the difference is in the expected direction, but is not signi®cant. The direction of the differences indicates that the FN have a greater centralization of subcutaneous fat. CONCLUSIONS: FN Canadians generally have a greater prevalence of obesity, greater subcutaneous fatness and a more centralized distribution of body fat than those of European ancestry.
Introduction
Obesity and a central distribution of body fat are important risk factors for disease. 1 ± 4 However, relative fat distribution among Native North Americans, a group with a high prevalence of metabolic diseases, has been under studied. The health of Native North Americans is generally poor, relative to the general population. A syndrome of diseases which are prevalent among native groups has been identi®ed and has been called the`New World Syndrome'. This syndrome, which includes metabolic diseases such as obesity, diabetes and gall bladder disease, is presumed to have a signi®cant genetic component. 5 ± 7 The cause of high prevalence rates for metabolic diseases in North American Aboriginals is probably multifactorial and a better understanding of risk factors such as obesity, relative fat distribution and physique, may be important in understanding the etiology of the New World Syndrome. Relatively little data are available on subcutaneous fat distribution and physique in First Nation Canadians; this limits discussions of disease and risk factor prevention in these groups. 8 The purpose of this study is to compare Canadians of First Nation and European ancestry in terms of subcutaneous fatness, prevalence of obesity, and relative subcutaneous fat distribution.
Methods

Sample
Data were collected during the spring and summer of 1996 (May±August) in the Northern Ontario town of Temagami and the First Nation community of Bear Island. All healthy individuals aged 5±75 y were eligible to participate. Permission to undertake the study was obtained from the Township Council of Temagami, the Temagami First Nation, the Timiskaming Board of Education and the University Committee for Research Involving Human Subjects (UCRIHS) at Michigan State University. Participants were recruited via advertising, using signs placed around the town, by telephone, door to door visits and letters sent home from the principal of the public school (for children aged 5±15 y). A total of 590 subjects, 118 First Nation (FN) and 472 European ancestry (EA) participated in the study. The sample represented approximately 50% of the total population living in the area. The response rate for the study could not be determined due to the variety of recruitment strategies employed. Subjects were assigned to either the FN or EA group based on self-ascribed ethnic status.
Measures
Several anthropometric dimensions were taken with standard techniques. 9 Stature was measured using a ®eld anthropometer (GPM, Seritex Inc., Carlstadt, NJ) to the nearest mm with the subject bare footed, standing on a¯at surface, with mass evenly distributed on both feet, whereas body mass was assessed to the nearest 0.2 kg using a spring scale (Medixact Proshape, Sunbeam-Oster, Schaumburg, IL) resting on a hard¯at surface. Skinfolds at the biceps, triceps, medial calf, subscapular, suprailiac and abdominal sites were measured with Holtain (Holtain LTD, Crymych, UK) calipers to the nearest 0.2 mm. Derived indices included the body mass index (BMI, mass (kg)astature (m)
2 ), the sum of skinfolds (SUM, subscapular abdominal supra-iliac biceps triceps medial calf), and the trunk-to-extremity skinfold ratio (TER, subscapular ab-dominal suprailiaca biceps triceps medial calf).
All measurements were taken by a single observer (PTK). Measurement variability and reliability were assessed using the technical error of measurement (TEM) for replicate measurements taken on a sample of 64 subjects. Replicate measurements were made at least one day apart and no more than two months apart (mean 10 d). The TEMs for stature (0.54 cm), body mass (0.72 kg) and the skinfolds (range 0.94 for triceps to 1.64 for abdominal), are comparable to the major national surveys in the US.
± 13
Statistical analysis
The sample was divided into youth (5±19 y) and adults (20±75 y) for the analysis. Prevalence rates for obesity were determined using the BMI as the criterion. For youth, the cut-off was the age-and gender-speci®c 85 th percentiles of National Health and Examination Survey (NHANES) II data.
14 For adults, the cut-off was the 85 th percentile NHANES II data for 20±29 year olds (BMI ! 27.8 in males and BMI ! 27.3 in females).
Principal components analysis (PCA) was applied to the skinfolds following the procedures described by Deutsch et al 15 and Baumgartner et al. 16 Skinfolds were transformed to natural logarithms and adjusted for the effects of age and the mean skinfold of the individual by applying the following regression: Y age age 2 age 3 meansk, within each gender and age group. The standardized residuals were retained for the PCA, to represent the skinfold adjusted for the effects of age and subcutaneous fatness. PCA was applied to the skinfold residuals within each gender and age group separately. The resulting principal component scores represent indices of subcutaneous fat distribution which are independent of overall fatness. Generally, the ®rst principal component (PC1) indicates a trunk-extremity contrast, whereas the second component contrasts upper and lower body skinfolds, although there may be differences in the interpretation of the later component among samples. 16, 17 Independent samples t-tests were used to determine differences in PC1 between EA and FN. All analyses were performed using SPSS procedures. 18 
Results
The physical characteristics of the sample are described in Table 1 . There were few gender differences; however, adult males had greater TERs than The prevalence rates for obesity are presented in Table 2 . Among youth, prevalences ranged from 12.3% in EA females to 29.4% in FN females. Among adults, prevalences ranged from 33.3% in EA females to 60.0% in FN females. Prevalence rates were greater for FN in each ageagender group; however, the difference was only statistically signi®-cant in adult females (chi square 10.6, P 0.002).
The results of the principal components analyses are presented in Figure 1 . The ®rst principal component (PC1) explains between 33±40% of the variance. The second component explains between 19±24% of the variance; however, loadings follow no apparent pattern and are not shown. In each gender and age group, with the exception of adult males, PC1 represents a trunk-extremity contrast; thus, it is an indicator of relative subcutaneous fat distribution. The direction of the factors indicates that higher mean component scores are associated with more fat on the trunk relative to the extremities. In adult males, PC1 appears to contrast abdominal vs extremity fatness. This perhaps re¯ects the propensity to store fat preferentially in the abdominal region with age in adult males.
Mean scores for PC1 differ among FN and EA (Table 3) . PC1 is signi®cantly greater in FN in every case except for adult males, where the difference is in the same direction, but not signi®cant. The direction First Nation obesity and fat distribution PT Katzmarzyk and RM Malina of differences indicates that FN have a greater central or truncal distribution of subcutaneous fatness than EA.
Discussion
The prevalence of obesity among American Indian children and youth varies by geographic location and tribal af®liation. Malina 19 examined prevalences of obesity in North American children and youth (de®ned as ! 85th percentile NHANES II BMI) from 11% in Chippewa females to 78.3% in Southwestern Arizona Native females. There was also a trend over time, with older samples having lower estimated prevalences of obesity than more recent samples. The FN prevalences of obesity were generally greater than those reported by Broussard et al 20 among Native American adolescents: 24.5% in males and 25.0% in females ( ! 85th percentile age-speci®c NHANES II BMI 14 ) . Based on comparisons to 95th percentiles of the BMI in the NCHS data set, 11.2% and 12.5% of Navajo girls and boys, respectively, exceeded the cut-off. 21 Among adults, Broussard et al 20 estimated that prevalences of overweight (BMI ! 27.8 in males and BMI ! 27.3 in females) in Native Americans ! 18 y at 33.7% in males and 40.3% in females, which are lower than those estimated in the present study. The prevalence of overweight among the Navajo (BMI ! 27.8 in males and BMI ! 27.3 in females) was estimated at 30.3% in males and 50.0% in females, 22 which is similar for females, but lower than that for males in the present study. Age-speci®c prevalence rates for overweight (BMI ! 27.8 in males and BMI ! 27.3 in females) among the Pima ranged from 31±78% for males ! 20 y and from 48±87% for females ! 20 y. 23 Studies of the prevalence of overweight among Native groups generally indicate higher prevalences in females than males. 20 ± 25 Results of the present study indicate that adult FN males have a similar rate of obesity as females, 51.4% and 60.0%, respectively. This trend is also evident in EA adults.
Males have a rate of 38.3% and the females have a rate of 33.3%.
Young and Sevenhuysen 25 indicated that obesity among four Northern Canadian First Nation groups was primarily of the central type, as gauged by the subscapularatriceps skinfold ratio and the waist to hip ratio (WHR). Although raw data were not presented, the authors indicated that 36% of men and 11% of women had a WHR b 0.99, which corresponds to approximately the 95th and 99th percentiles of the French reference data for men and women, respectively. 25 Also, 29.8% of men and 22.4% of women had a subscapularatriceps ratio b 1.64.
Adult males had a somewhat different ®rst principal component, and the difference between FN and EA was not signi®cant in this group. Similarly, the TER was not signi®cantly different among FN and EA adult males. The results suggest that among adult males, differences in relative subcutaneous fat distribution are not as apparent as in other groups. Among Canadian Eskimos, a truncal fat distribution (ratio of tricepsasubscapular suprailiac skinfolds) was greater in women than men. 26 The results are also somewhat consistent with the data presented by Johnston et al 27 for urban Native American school children, which indicated that Native American females, but not males, tend to carry proportionally more subcutaneous fat on the trunk, relative to reference data.
It has been hypothesized that a central distribution of subcutaneous fat is an adaptation to the cold, as similar observations in women have been made in other cold adapted populations, such as the Evenki reindeer herders of the central Siberian taiga 28 and Mongolian pastoralists. 29 Caution must be used when interpreting these results, however, as relative subcutaneous fat distribution is fat dependent. In other words, as overall fatness increases, the ratio of trunkaextremity fatness also increases. 30, 31 There is an apparent relationship between truncal fat distribution and adult-onset diabetes among Native groups. Hall et al 22 reported that among female Navajo, there was an increased risk of diabetes as the WHR increased. A similar trend was evident in the males, but it was not signi®cant. Mean WHR was 0.90 for females ! 20 y and 0.96 for males ! 20 y. Szathma Âry and Holt 32 used principal components analyses and hierarchical analysis of variance to examine the association between fat distribution and blood glucose levels among the Dogrib in the Northwest Territories. There was a signi®cant association between truncal fat distribution (as assessed by principal components of skinfolds) and elevated blood glucose levels. 32 Given that FN Canadians have a greater incidence of obesity, diabetes and related metabolic disorders than the general population, some of the differences may be explained by differences in risk factors for disease, such as relative subcutaneous fat distribution. There is a need, however, to better document the genesis of the central First Nation obesity and fat distribution PT Katzmarzyk and RM Malina pattern of subcutaneous fat distribution among Native Americans during childhood and adolescence. Sample sizes in the present study, as well as in other studies of youth are generally small when grouped by age and gender.
